
Appendix 

I. TABLE OF SYMBOLS AND SIGNS 

Symbols 

The following symbols are used in this text (see Table 
Appendix II for units not listed below). 

A = Area 
a = Linear acceleration 
AC = Alternating current 
B,b = Base of triangle used to measure slope of 

curve 
C = Capacitance (microfarads) 
C = Damping constant (lb-sec/ft) 
Cc = Critical damping constant (lb-sec/ft) 
(-9 = Center of gravity 
cp = Center of percussion 
D = Linear displacement 
DC = Direct current 
E = Voltage (volts) 
F = Force 
g = Acceleration due to gravity 
H,h = Height of triangle used to measure slope 

of curve 
I = Moment of inertia (slug-ft2) 
I = Electrical current (amperes) 
J = Jerk (rate-of-change of acceleration-

ft/sec2/sec) 
K = Spring constant (pounds/ft) 
K = Coefficient of restitution (dimensionless) 
L = Length (ft)
L = Inductance (henries) 
m = Mass (slugs) 
N = Gear ratio 
Q = Energy lost during impact (ft-lbs) 
R,r = Radius (ft) 

R = Electrical resistance (ohms) 
t = Time 
�t = Elapsed time 
V = Linear velocity 
v' = Linear velocity following a collision or im-

pact between two or more bodies (ft/sec) 
W = Weight (lbs) 
X,Y,Z = Coordinate axes 
a = Angular acceleration 
P = Density (slugs/ft3) 
fJ = Angle (radians) 
fJ = Angle (radians) 
fJ = Angular displacement (radians) 
r = Torque (ft-lbs) 
w = Angular velocity (radians/sec)
w' = Angular velocity following a collision or 

impact between two or more bodies 
(radians/sec) 

00 = Infinity 
• = Grounded pivot or bearing 
0 = Moving (translating) pin or bearing 

= Signifies motion in the direction indicated 
= Differential gear 

Sign Conventions 

Linear vector quantities (linear force, acceleration 
velocity, displacement, etc.), are considered positiv;
if upward, or to the right, in the XY plane. They 
are considered negative if downward, or to the left. 

Rotational vector quantities (angular torque ac
celeration, velocity, displacement, etc.) are 'con
sidered positive if operating in a clockwise direction 
(looking toward the body along the axis of rotation 
or torque). They are considered negative if counter
clockwise. 
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II. TABLE OF COMPATIBLE UNITS• 
(Stick to any one column and you will stay out of trouble.) 

QuMtity 

Force 

Acceleration 
Velocity 
Displacement 
Mass 
Torque 

Angular Acceleration 

Angular Velocity 
Angular Displacement 
Moment of Inertia 
Mass Density 
Volume 
Acceleration due to Gravity 
Work 
Potential Energy 
Kinetic Energy 
Impulse 
Momentum 
Time 
Voltage 
Current 
Spring Constant 

lb 
ft/sec• 
ft/sec 
foot 
slug 
ft,.lb 
rad/sec' 
rad/sec 
radian 

slug s -ft' 
slugs/ft' 
It' 
32 ft/sec' 
ft-lb 
ft-lb 
ft-lb 
lb-sec 
slug ft/sec 
second 
volt 
ampere 
lbs/ft 

English 

ounce 
in./sec' 
in./sec 
inch 
oz sec'/in. 
in.-oz 

rad/sec• 
rad/sec 
radian 
inch-ounce-sec• 
oz/in.• 
in? 

384 in./sec' 
in.-oz 

in.-oz 

in.-oz 
o z -sec 
oz in./sec 
second 
volt 
ampere 
ozs/in. 

CGS SI 

dyne newton 

cm/sec' m/sec• 
cm/sec m/sec 
cm meter 

gram kilogram 
cm-dyne newton-meter 
rad/sec' rad/sec• 
rad/sec rad/sec 
radian radian 

g -cm• kg-m' 
g/cm• kg/m• 
cm• m• 
980 cm/s:e• 9.8 m/sec•· 
dyne-cm (erg) joule 

dyne-cm (erg) joule 

dyne-cm ( erg) joule 
dyne-sec newton-sec 
g em/sec kg m/sec 
second second 
volt volt 
ampere ampere 
dynes/cm newtons/meter 

• If engineers were as rigorous as physicists they would be  more familiar with the "correct" units of force in the SI and C-G-S 
systems of units: these correct units being the newton and dyne respectively. Unfortunately, we use spring scale$ and balance 

weights that are calibrated in gram.� and kilograms (units of mass) on the one hand, or calibrated in pounds and ounces (units of 

units to dynesforce) on the other. I strongly recommend that the reader convert data from "gram of force" or ''kilogram of force" 
:ind newtons whenever he encounters them. You can use the following formulae for converting: 

Grams of force 
_- dynes

980 

Kilograms of force 

9_8 

III. GRAPHICAL INTEGRATION A third method is to use the instrument shown in 
Fig. A-3, which is called a. planimeter. A stylus on one 

There are several ways to integrate a curve graphi arm of the instrument is moved along the curve and 
cally. Integration, of course, me-rely consists of along thf' axis which bounds the area. to be measured. 
"finding the area under" the curvr. One way to do A small counting device on the planimeter then gives
it is to draw the original curve on a piece of graph the total enclosed area. Again, the units of area roust 
paper and then count the squares under the curve to be related to the scale factors of the original curve. 
determine area. The "value" of each square is de
termined by the scale factors used to plot the original 
curve, as explained in Chapter 1. (See Fig. A -1.) IV. GRAPHICAL DIFFERENTIATION 

Another method is to use algebraic equations to 
calculate areas under larger portions of the curve. There are several ways to find the differential of 
This, of course, is only possible if these areas can be a curve at a given point, graphically. The first stcP 
broken down irito simple shapes such as rectangles, in each case is to draw a line which is tangent to the 
triangles, squares, etc. (See Fig. A-2.) curve at the point where the slope of the curve is to 
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101 squares 150 

JZ'f 

101 • lZ<J = 250 .sqwares 

Fig. A-1. Counting the squares under a curve to integrate 
it graphically. 

etc. 

A.1 = ! bl hl 

A2 = 1 bz hz 

A3 : hz h1 

Fig. A-2. Algebraic formulas can be used to plot the area 
under a curve. 

Fig. A-3. '11le plnnimeter, nn iMtrument used to compute 
area:., can be used for graphical integration. 

ha/ f JI h,ered
mnror 

curve 

paper 

Fig. A-4. A half-silvered mirror, held perpendicular to the 
plane of the paper, will help you draw a line normal {per
pendicular) to the curve. Draw a line along the bottom of 
the mirror after turning it so that the two images seen in 

(and through) the mirror coincide. 

prism 

curve 

Fig. A-5. A prism can also be used to construct normal 
lines. The slope or tangent. line, of course, is drawn at right 
angles to the normal line. 

1.60 

tangent 0 = 1.70 

line 
1.60 

1.70 

Fig. A-6. Slopes can be calculated algebraically. ("Slope" 
equals the tangent of the angle 8.) 
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protractor 

tangent line 
Fig. A-7. A protractor can be used to measure angle 9, whose tangent is then found in a trigonometric table. 

be determined. There are three ways to construct 
such tangent lines which will be described here. 

In many cases, you can merely draw the line in 
"by eye." If the curve is geometrically simple, and 
consists of a series of triangles, rectangles, or gentle 
curves, etc., then, of course, this is a very easy thing
to do. If the curve is complex, the tangents you 
draw by eye may be in error to some extent, but 
this may not affect your final results too drastically
if all you are after is an approximate "solution." 

There are two instruments which can be used to 
improve the accuracy of the tangent line. One of 
them consists of a half-silvered mirror held perpen
dicular to the plane of the paper on which the 
original curve is drawn. (See Fig. A-4.) When the 
operator looks in this mirror he can see two lines. 
One of them is a reflection of the curve in front of 
the mirror, and dimly seen is the other, the remainder 
of the curve in back of (through) the mirror. The 
mirror is now rotated until these two images come 
together and appear to describe a single curve. A 
line is then drawn along the bottom of the mirror. 
This line is normal (or !)('rpendicular) to the curve 
at the point of inters('ction. A drafting machine or a 
pair of triangles can now be used to draw a tangent 
line at this point, the tangC'nt line of course, being 
perpendicular to the normal line. 

A prism can also be used to find a normal to a 
curve. The prism is placed over the curve and the 
draftsman looks down into the prism at the image of 
the line which appears within it. In most orien· 
tations, the curve will appear to have been broken 
by the prism, which is now rotated until the curve 
once more appears to be a continuous line. A line 
drawn along the edge of the prism is again normal 
to the curve in this region and it can be used to 
construct a tangent line. (See Fig. A-5.) The prisin
technique, I think, is a little less accurate than the 
mirror technique where there arc rapid changes in 
the curvature of the line being differentiated, but 
both have their place. 

Once the tangent line has been drawn, we can 
proceed to determine the slope of that line; the slope 
being the tangent of the angle formed by that line 
and the horizontal axis. There are several ways to 
determine this slope. 

The slope can be determined trigonometrically 88 
shown in Fig. A-6 where we measure the height and 
base of the triangle formed by the tangent line and 
then divide one by the other to determine the tangent 

beof the angle. Height and base, of course, must 
to plotmeasured in the units or scale factors used 

the original curves. 
Another technique is to use a conventional pro-
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pivoted 
arm 

transpar-
ent plasti 

.,( +) tangent line� 
on a.rm 

tangent
scalereference 

11·nes 

,I� 
.o, 

Fig. A-8. You can make a protract-Or of transparent plastic film (drafting film) and calibrate it in tangents rather than in angles. 
A line drawn on a pivoted arm is aligned with the curve, or with a previously drawn slope line. A great time saver. 

tractor to measure the angle II whose tangent is then 
found in a trigonometric table (slope = tangent 11). 
(See Fig. A -7.) 

As a third method, you can make your own pro
tractor from drafting film, calibrating it in tangents 
of the angles rather than in the angle itself. I have 
found this a very handy tool to make when there is 
a great deal of graphical differentiation to be done. 
It is even handier if the protractor is provided with 
a rotating arm as in Fig. A-8. A line drawn on this 

arm is aligned with the slope line of the curve and 
the tangent of the slope angle is read directly on 
the protractor. The reference lines on the protractor,
of course, must first be aligned with the axes of the 
graph. 

V. MOMENTS OF INERTIA 

The moment of inertia of a body is, of course, a 
measure of its resistance to angular acceleration. 
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Fig. A-9. Moments of inertia for a few standard shapes. In each case the equation is for the moment about axis G-O. 

Moment of inertia is a function of the mass of a bodY 
and the distribution of this mass. In general, the 

greater the mass, the greater the moment of inertia; 
and the farther this mass is located from the center 

of rotation of the body, the greater the moment of 

inertia. 
Figure A-9 shows several standard machine shapes 

and the equations for the inertias of these various 

bodies in terms of material density and body di

mensions. More complete tables of this type are 
available in most engineering handbooks. 

Figure A -9 shows the moments of inertia of ele

mentary geometrical shapes only; however, roost 
machine bodies are more complex. To obtain the 

inertia of a "compound" shape when all portions of 

the body are rotating about the same axis, theFig. A -10. Adding inertias of simple shapes to determine 
the moment of inertia of a complex body. All shapes rotating inertias of each portion are merely added together, 
about the same axis (G--G). as shown in Fig. A -10 .  If it is desired to know the 
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moment of inertia of a body about some parallel
axis which does not pa..o.s through the body, the pro
cedure and equation shown in Fig. A-11 is used. If a 
complex body consists of one shape on the axis of 
rotation and another one fastened to it that is off 
the axis of rotation, we use the off-axis formula to 
compute the inertia of the second body before adding 
it to the first. 

Frequently, we need to relate the inertias of 
several bodies to a single point in the machine, even 
though these bodies are separated from the point of 
interest (perhaps the drive shaft of the motor) by 

,:;? G 

Fig. A-1I. Determining total moment of inertia of a com
plex body when portions of 1hc body are centered on a parallel
n,xis. Note that thc,;e "off axis" bodies are fastened to the 
rylincler nnd rotate with it, however, about axis (G-0). IA 

equals the moment of inertia of the block about its own axis 
(A-A). :\I is the mass of the block. 

1 

N 
GG load 

ine, t ia of load 
about G-G =IG 

N 
driver 

1 

load 
2 

IL =JG (N) 
Fig. A-12. The effect of gearing on moment or inertia. In 

each case the calculation is for the inertia of the load as seen 
by the driver. 

gearing, etc. In this case, the remote inertias must 
be multiplied by the square of the gear ratio between 
load and driver if the body is moving faster than the 
driver. If the body is moving slower than the driver, 
we divide by the square of the gear ratio as shown 
in Fig. A -12. 
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Acceleration, angular, 25, 26 
average, 19, 26 
computation of, 14 
definition of, 14 
graphs of, 15, 21, 26, 61 
gravity, 15 
infinite, 22 
instantaneous, 19, 26 
linear, 14 
measurement of, 91, 92 

Accelerometers, mass-spring, 91 
strain gage, 91 

Applications of intermittent motion 
mechanisms, vii, 2, 97, 107-109, 
115, 118, 121, 123, 126, 127, 132, 
133, 137, 146-149, 151, 152, 154, 
156-157, 168, 170-173, 175-178, 
180, 196, 197, 205, 210, 214, 217, 
221, 224, 240 

Arc suppression, 188, 189 

Body, elastic, 33-56 
free, 5 

Brakes, 181-196 (see also ClutcMs) 

Camera, cine, 137 
drum, 90 
high-speed motion picture, 85-87 
still, 83 
stroboscopic, 83 
television, 85, 86 

Cams, 63, 113-126 
anatomy of, 124, 125 
features of, 113, 114, 124, 125, 230-

232 
motion characteristics of, 233, 234 
performance characteristics of, 230-

232 
popular motion curves, 45, 63, 114-

116, 120 
pressure angle of, 113-114 
types or, 116-126 
unpopular motion curves, 115 

Center, instant, 11 
of percussion, 52 

Chain and belt drives, 219-221 
motion characteristics of, 239 

Circuits, electrical drive, 187-190, 212, 
213 

magnetic, 198-203 

Index 

Clutches, 181-196 
anatomy of, 195 
excitation of, 187-190 
features of, 185, 186 
motion characteristics of, 237, 238 
motion curves, 186, 187 
performance characteeri.stics of, 230-

232 
systems, 181-186 
types of, 181-196 
vacuum, 225 

Coefficient of damping, 41, 42 
Coefficient of restitution, 47, 53 
Colt revolver, 126 
Control, problem of, 64-67, 185, 230-

232 
Cost of various types of intermittent 

mechanisms, relative, 230-232 
Coupling, eddy current, 62 
Current, forcing, 188, 189 
Curves, table of, 29 
Cycling ratea of various intermittent 

mechanisms, 230-232 

Dampers, 40, 41, 211, 212 
coulomb, 41 
step motor, 211, 212 
viscous, 41 

Damping, clutch-brake, 185 
constant, 41, 42 
coulomb, 41, 42 
critical, 41 
step motor, 211, 212 
viscous, 41 

Dashpot, 41 
Da Vinci, Leonardo, 31, 32, 97 
Definitions, 260 

symbols used in book, 253 
terms used in book, 260 

Degrees of freedom, 9 
Design, discussion of, 226-252 

example, 240-252 
para meter�. 227 
procedure, 226-229 

Detent, 143 
Differentiation, graphical, 19-21, 29-31, 

254 
Differentials, table of, 32 

Displacement, angular, 26, 27 
graph of, 18, 21, 23, 26,e247 
linear, 18, 21 
mea!JUrement of, 83-90 

D,:.,ers, 68-71, 246-249 
constant velocity, 68 
hydraulic, 223, 224 

69-il,input torque requirements, 
246-249 

limited torque, 68, 69 
pneumatic, 223, 224 
rotary solenoid, 222 
time dependant, 69 
variable velocity, 69 

Dwell, 97 
Dwell-motion ratios, 230-239 

Elastic bodies, examples, 34, 68 
quasi-static model or, 34, 37 

Encoders, shaft, 87, 88 
Energy, kinetic, 29 

potential, 29 
Escapement, chronometer, 161-163 

clock, 152-159 
feature of, 152, 153 
motion characteristics of, 236 
motion curves, 155, 156 
performance characteristics of, 230-

232 

types of, 80, 154, 156, 15i-159 
wear of, 74 

Escapement, inverse, 34, 172-180 
anatomy of, 179, 180 
features of, 1 i2-li 4 
motion characteristics of, 237 
motion curves, Ii 4 
performance characteristics of, 230-

232 
types of, 175-179 
wear of, 78 

Escapement, Junghtins, 157 
Escapement, macehine, 34, 165-172 

features of, 165, 166 
motion characteristics of, 237 
motion curves, 34, 167 
performance characteristics of, 230-

232 
types of, 34, 99, 167-172 
wear of, 72 

262 



INDEX 263 

E.scapement, runaway, 154 
features of, 154 
motion characteristics of, 236 
motion curves, 155 
torque-speed curve, 154 
wear of, 75 

Escapement, watch, 152-155, 159-164 
anatomy of, 163, 164 
features of, 152, 153, 155 
motion curves, 155, 156 
types of, 153, 154-155, 159-161 
wear of, 75 

Experimental techniques, 82-96 

Foliot verge escapement, 156 
Force, definition of, 13 

direction of, 6-8, 244, 245, 246 
graphical determination of, 14, 15, 

21, 244, 245, 246 
magnification of, 60-62 
measurement of, 92-94 
more than one, 27-29 
reduction of, 60-65 
units for, 254 
vector representation of, 3-5, 100, 101 

Forced vibration, 38-42
Forcing, electrical, 188-190 
Freedom, degrees of, 9 
Frequency of vibration, damped, 43 

resonant, 40 
undamped, 40 

Galileo, 96 
Gatling gun, 121 
Gears, 139-151 

anatomy of, 149-151 
cycloidal, 139, 144 
differential, 142, 143, 146, 147 
epicycloidal, 139, 144, 145 
features of, 139, 2.'l0-232, 235, 236 
hypocycloidal, 139-141 
motion characteristics of, 235, 236
motion curves, 140-142 
mutilated, 140-144, 216 
performance characteristics of, 230-

232 
planetary, 139-143, 145 
types of, 99, 139-150 

Geneva, 61, 127-138, 215, 216 
anatomy of, 136, 137 
drive torque requirements, 69-71 
external, 127, 129-131 
features of, 127, 136-137, 230-232, 

234, 235 
forces on, 69-71 
instrument, 132, 134 
internal, 127, 129, 131, 132 
machine, 2, 133 
motion characteristics of, 234, 235 
motion curves for, 24, 78, 128, 129 
performance characteristics or, 230-

232 
spherical, 127 
torque on, 69-71 
types of, 99, 127-128, 131-137, 146 
velocity of, 12 
wear or, 61, 75, 78, 79 

Gerber, Roger, 123 
Glossary of terms, iv 

Golfer, paradox or, 56 
Graham, George, 158 
Graphs, 2 

acceleration (angular), 26 
acceleration (linear), 21 
displacement (angular), 26 
displacement (linear), 21 
FAVD,21 
force, 21 
tables of, 29 
torque, 26 
velocity (angular), 26 
velocity (linear), 21 

Gratings, optical, 88 
Gravity, acceleration or, 15 
Grimthorpe, Lord, 158, 159 

Hooke, Robert, 158 

Impact, basic concepts, 33-37, 46-56, 
65-67 

center of percussion, 51 
change in energy during, 47-49
change in momentum d·uring, 47 
combined linear and rotary, 50-52 
conservation of momentum, 46, 52 
control during, 6�7 
energy loss during, 47 
forces during, 35-37, 59, 60 
linear, 46-50, 54-56 
ma.ximizing impact effects, 54-56 
minimizing impact effects, 54-56, 251 
multiple body, 53, 54
noise,e97 
rota.tional, 50-54 
torque during, 35, 36 
tran�lational, 46-50, 54-56 
translational plus rotational, 50-52 
velocity before, 47 
velocity following, 47
wear of, 75-77

Impulse, 49-52 
Indexing mechanisms, cams, 113-126 

chains and belts 219-221 
clutch-brak es, 181-196 
gears, 139-151 
Genevas, 127-138 
linkage drives, 220, 221 
machine, escapement", 165-172 
ratchets, 97-112 
star wheels, 215-217 
stepping motors, 197-214 

Inertia, 257-259 
calculating, 259 
moment of, 26, 257 
table of moment.� of, 258 

Input, angles, 233-239 
torque requirements, 68-71 
types of, 68, 69 

Input-output motions for various 
mechanisms (see Motion 
Charac/Qi$tics)

Instant centers, 11 
Integrals, table of, 32 
Integration, graphical, 15-19, 21, 29-31, 

254 
Intermittent motion mechanisms, 

cams, 113-126 
chain and belt drives, 219-221 

Intermittent motion mechanisms,
clock and watch escapements, 152-

164 
clutch-brake drives, 181-196
gears, 139-151 
Genevas, 127-138 
inverse escapements, 172-180 
linkage drives, 220, 221 
machine escapements, 165-172 
miscellaneous types, 221-224 
PRIM, 224, 225 
ratchets, 97-112 
relative cost, 230, 232 
roll cams, 21 7-219 
star wheels, 215-217 
step motors, 197-214 

Ives, Joseph, 164 

Jerk, 24, 25, 115, 127 
definition, 24, 25 
graph of, 25 

Junghans escapement, 157 

Linkage drives, 220, 221 
motion characteristics of, 239 

Load capacity (relative) of various 
mechanisms, 230-232 

Magnetic circuits, 19S-203 
Magnetic measurements, 89 
Maier, Karl, 90 
Measurement of, acceleration, 91, 92 

displacement, 83-90 
force, 02-94 
noise, 94 
torque, 92-94 
velocity, 90, 91 

Measurements, 82-96 
continuous, 83 
digitized, 83 

Mechanical advantage, 166, 230-232 
Mechanics, elastic body, 33-56 

graphical, 13-32 
of int,ermittent motion, 57-71 

Milestone measurements, 83 
Mirreor use in differentiation, 256 
Miscellaneous types of intermittent 

mechanisms, 221-224 
Models, analogue, 95 

dimensional, 94, 95 
elastic body, 34-35 
experimental, 1, 95 
importance of, 1, 82 
mathematical, 1, 95 
mechanical, 95 
quasi-static, 34-.16, 37 

Moire fringe techniques, 88 
Momentum, 29, 46, 47, 49, 50 

angular, 50-52 
conservation of, 46, 52 
definitions, 46 
linear, 29, 46, 47 

Motion characteristics of various inter
mittent mechanisms, 230-239 

Motion curves, acceleration (angular),
26, 27 

acceleration (linear), 14, 15, 21 
brakes, 186, 187 
cam-input ratchet, 62, 63, 102 
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Motion curves, cams, 45, 63, 114-116 
clock el!Capement, 155, 156 
clutches, 186, 187 
cycloidal gear, 141 
derivation of, 14-24, 29-32, 246-249 
differential gear, 142 
displacement (angular), 2i 
displacement (linear), 18, 19, 21 
escapement, 155, 156, 167, li4 
FAVD, 21 
gear, 1�142 
Geneva, 129 
Geneva-gear combinations, 136 
impulse ratchet, 58, 102 
inverse escapement, 174 
jerk, 25 
machine escapement, 167 
mutilated gear, 140 
popular curves of cams, 45, 63, 114-

116 
ratchet, 58, 62, 63, 102 
runaway escapement, 155 
etar wheel, 217, 246-249 
step motor, 210-211 
unpopular curves of cams, 115 
velocity (angular), 26 
velocity (linear), 15-17, 21 
watch escapement, 155, 156 

Mudge, Thomas, 160, 161 
.Mutilated gearing (see Gears) 

Xeklutin, C. K., 116 
Xoise, measurement of, 94 

use in analysi$, 94 

Optical, measurements, 83-87 
tracking, 89, 90 

Optron, 89, 90 
Output angles of various int.ermittent 

mechanisms, 233-239 
Output torque, il, 2-lS-249 
Overvoltage, 189, 190 

Pawl, drive, 100, 101, 111, 112 
no-back, 102, 111, 112 
non-overthrow, 102, I l l ,  112 
ratchet, JOO, 101 

Percusttion, center of, 52 
Performance of int,ermittent mecha-

ni$ms compared, 230-2.19 
Photoelast-icity, 92, 93 
Piezoelectric cryst.als, 91 
Planimeter, 254 
Pneumatic actuator, 22.1 
Pneumatic dutch, 195 
l'RDI, 224, 225 

motion chnrnrterist.ics of, 239 
Printer, design of, 240-252 
Pri$m U$e in differentiation, 256 
Problem, of control, 64-67 

of force magnification, 60-64 
of �peed, 67, 08 

Qua�i-static model of ela.st ic bodies, 
34-36, 37 

Ratchet, 9i-112 
anatomy of, 11 I, 112 

Ratchet, cam input, 62 
clutch, 182 
features of, 97, 100, 111, 112, 230-233 
forces on, 100, 101 
horseless carriage, 98 
impulse input, 57-60 
motion characteristics of, 233 
motion curves for, 60, 101, 102 
performance characteristics of, 230-

232 
spring driven, 57-60 
types of, 98, 100, 102-111 
wear of, 75, 78, 79 

Reliabilit.y, 72-81 
Remington typewriter, 151 
Riefler's escapement, 159 
Robey-Smith bevel gear planer, 214 
Roll cams, 217-219 

motion characteristics of, 239 
performance characteristics of, 231, 

232 

Shaft encoders, 87-88 
Simpson, Theodore, 224, 225 
Slope, calculation of, 19, 2M, 256 

definition of, 19 
use of, 19 

Solenoid, rotary, 222, 239 
Spring rate, elastic body, 37 
Stability, 72, 230-232 
Star wheel, 215-217 

external, 215-217, 246, 249 
internal, 217 
motion characteristoics of, 238, 239 
performance characteristics of, 230-

232 
Stepping motor, anatomy of, 213-214 

applications of, 240 
damping, 211, 212 
electrical circuits for, 212, 213 
electro-hydro.ulic, 206-208 
features of, 197, 198, 230-232, 238 
flexible spline, 207-209 
motion characteristics of, 238 
motion curves for, 210, 211 
performance characteristics of, 230-

232 
permanent magnet, 203-205 
plo.nar, 209-210 
ratchet-, 108, 210 
types of, 203-210 
variable reluctance, 205, 206 

Strain gages, 92 
Stroboscopic measurements, 83-85 

Tables, applications of intermittent 
motion mechanisms, 240 

curves, 29 
design parameters, 237 
differentials, 29 
inputs-outputs for mecho.nisms, 71, 

233-239 
integrals, 29 
moments of inertia, 257 
motion characteristics, 233-239 
motion curves, 29 
performance characteristics, 230-232 

Tables, symbols, 253 
units, 254 

Tangent, 19, 257 
Tavaro escapement, 160, 161 
Television, closed circuit, 85, 86 
Time constant, 188-190 
Torque, computing, 35-37, 59, 6�71, 

246-249 
drive, 68-71, 246-249 
graph of, 26, 36, 58 
measurement of, 92-94 

Torsion bars, 93, 94 
Tschudi, Traugott, 118 
TVo(seeoTe�) 

Units, algebraic treatment of, 16-18 
table of, 2M 
used in this book, 12, 254 

Uses of intermittent motion mecha
nisms (see Applirotiona) 

Vcxler, Curtis, 180 
Vectors, 3-5 

addition of, 3, 4 
definition of, 3 
force, 3 
subtraction of, 4 
velocity, 3 

Velocity, 3, 10 
angular, 10 
computation of, 11, 12, 247 
graphs, of, 15-17, 21, 26, 247 
impact, 47 
instantaneous, 3 
linear, 10 
measurement of, 90, 91 
vector representation of, 3 

Verge, Foliot, 156 
inverse escapement, 172, 174 
runaway escapement, 153, 154, 156, 

157 
Vibration, 37-46 

baaic concepts, 37-46 
coulomb damped, 41 
coupled oscillators, 44-46 
during impact, 48 
forced damped, 40-42 
forced undamped, 38, 39, 42 
free, 42-46 
frequency of damped, 43 
frequency of undamped, ·40 
friction d&mped, 41 
resonance, 40 
shock excitation, 42-44 
step excitation, 44 
summary chart, 42 
undamped, 3S-40, 42 
viscous damped, 41 

Wear, 72-81 
effects on intermittent mechanisms, 

74-80 
rates, 73-74 
types of, 72-73 

Willcox and Gibbs sewing machine, 196 
Work, 29 

Zua:el, Martin J., 216 
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